Do you work for or a State Primacy Program
Have you visited or worked for a Class III mmmw
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/ sulfur well
/ |

.

 cap rock

yh pressure

Steam melts sulfur;

air force

s sulfur up

Sulfur/water
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Bacteria feed on a hydrocarbon like methane and cause certain chemical reactions to occur
which in simplified form look like this:
(Cas0, (anhydrite) + CH, (methane or other hydrocarbons) = H,S (hydrogen sulfide) + CaCO; + H,0O

fiid

Waste product of the bacterial metabolism hydrogen sulfide will react with oxygen to form elemental sulfur:
2H,S + O, = 2S5 + 2H,0
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MINIENG CORP

The solution meves s & comtrolled way through

Solution & pumped to the SLEW Faclity

- Remaining solation bs recycded badk Into the process

Leach solution s deliverad into injection wells
paturally Fractured rock

Extraction wells pump to recover copper-rich
selution

5

{opper is extracted from the solution to create pure
copper sheets, ready forsale

&
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FLAGSTAFE

PROJECT SITE

Figure 1-2: Florence Site Location Map

ED_005364K_00000031-00015



m issued a Class Il UIC Permit to .
perations of injection w mm for In-Situ

drock aquifer thatis a |

ITt may cause a mmmfmm of any prim
mmﬁmm .or may oth ‘“ dversely afm ct th

ED_005364K_00000031-00016



(@ f th m mmmm

does not mmmmw serve as a source of d

d will not in the future serve as a source of drinking w

ED_005364K_00000031-00017



PR

ETATE M

- LEAZE BOUNMDARY

FTFWELL

LD

AREA OF REVIEW

OCO UNDERGROUND MINE WORK

ED_005364K_00000031-00018



ED_005364K_00000031-00019



S

In 2010, FCI acquired the Florence Copper
project property, and requested transfer of
the existing UIC permit to develop and
operate an ISCR facility.

More than a decade had passed since Region
9 has originally issued the permit to BHP
Copper in 1997.

Meanwhile, the community of Anthem at
Merrill Ranch was developed.
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PROPOSED TEST WELLS

= INJECTION

OBSERVATION

¢ RECOVERY

~ MULTI-LEVEL SAMPLING
" WELL

Production Test Facility (PTF)
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Cathode

Anode
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WELL CONSTRUCTION AND LOCATION
Location of PTF Wells

The PTF’s four (4) injection, nine (9)
recovery, seven (7) observation, and
four (4) multi-level sampling wells shall
be constructed within the designated
area delineated in Figure A-9 in
Appendix A.

Important info can also be found in the
Draft Permit Statement of Basis and
+ the Permit Application
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Figure A-9 in Appendix A
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5

Test Facility (PTF)

.

PROPOSED TEST WELLS

INJECTION
OBSERVATION

RECOVERY

MULTI-LEVEL SAMPLING
WELL
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Injection Monitoring and Controls

« an isolation valve at each injection well;

e a pressure transducer at the wellhead,;

e a pressure transducer to measure annular pressure above the packer;

* a pressure transducer to measure pressure in the injection zone.

- a flow meter at each injection well for measuring flow rates (gpm);

« a valve at each injection well for controlling flow;

« a flow meter at each injection manifold for measuring flow rates (gallons per
minute [gpm]);

 a totalizing flow meter for measuring cumulative flow (gallons) into each injection
manifold:;

A schematic depicting well field controls is included as Figure 1, and well controls
as Figure 2.
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Injection and Recovery Wells

Injection and Recovery Wellhead

CONDUCTIVITY SENSOR LEADS . , e e ,.
ITY SENBOR LEADS - v TRANSDUCER CABLE {UPPER)
(REGOVERY WELLE) \ ~ (RECOVERY WELLS OKLY

R A CONCRETE PAR

STEEL SURFAGE CABING, CEMENTED
EINCH MIN. BOREHOLE

0} FEET memmmem

20 FEET (MIN.}-

CASNG DIAMETER WILL BE SIZED TO
FROVIDE & MINILR 2402-10H BNMLA LS

I - CASING CENTRALIZERES EVERY 40 FEET

LOW-CARBON BTEEL GASING, CENENTED

TYPE ¥ PORTLAND CEMENT (HEAT MIK)

LOW-CARBON STEEL TO COATED STEEL
el WELDED JOINT
200 LOW-CARBON STEEL CARING; POLYMER
¢ el BOATED

FIBERGLASS REMFORCED CASING

MNIMUM 80 FEET
_BELOWTOP OF FIBERGLASS REINFORCED TO PVC PIPE
BEDROCK OXIDE UNIT : ADAPTER
20 FEET ABSNE e FE- USRI MR BOREHOLE
BEDROCK PG BOREEN DR OTHER APPROVED
EXCLUSION TONE AGID RESISTANT MATERIAL

PYLBLANK CASING OROTHER APPROVED
ACID RESISTANT MATERIAL

BIICA S8ND FIUTER PAGK
TYPE Y CEMENT, TYPICAL

A STALESS STEEL CABING
; CENTRALIZERS EVERY 40 FEET

1 CHECK VALVE

TRAMSDUCER CABLE (LOWER)
{ALL INJECTION AND
RECOVERY WELLS)

TRAMSDUCER CABLE {UPPER)
{PJECTION WELLE ONLY)

COMPRESSIOM FITTING
TRANSERJCER CABLE {UPPER)

34" INSTRUMENT TUBE

TRANSDUCER CABLE
STRAPPED TORPE

§\¥ BLEED /SAMPLE VALVE
£~ CONDUGTIVITY SENSOR LEADS
— H
(RECOVERY WELLS ONLY) ™ . L=
e GROUND SURFACE
: . # . . % . Le e L SN
_ Sowys B !
' : B e
v - =y
> o SURFACE CASING
Al : STEEL OUTER
S ¥ CABING
- g TYPE V CEMENT
. 'R
v Y 1%
. ; ™
oS
. .
L3 f FLIMP
: o INJECTOR PIPE
- o
i ¥y WELL CABING -
: I EIBERGLASS REINFORCED
- Pl PIRE (FRP)
4 et TYRE V CEMENT

TRANSDUCER

FLOWMETER
ASOLATION VALVE
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Review Final Per1t

WELL OPERATION

Operations Plan- Hydraulic Control

ates will be
300 gallons per

In J?@@ttm and recove
approximately 240

minute (gpm), resp

erce e inj ate on a daily
avera ' without prior written
approval of a lower percentage from
EPA.

Every 24 hours, the totalized flows from
all of the injection wells will be summed
and compared to the summed totalized
flows from all of the recovery wells.

If the summed total flow out of the well
field exceeds the total flow into the well
field, and if head elevations observed in
the observation wells are greater than
head elevations observed at the paired
recovery wells, hydraulic control is
confirmed.
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Operations Plan -
Hydraulic Control
continued

An inward gradient of at least
one foot between observation
and recovery wells must be
maintained for demonstrating
hydraulic control.

Head monitoring will be
accomplished using pressure
transducers placed in both
the observation wells and
recovery wells from which
average daily head
measurements will be
recorded.

>1 foot

PROPOSED TEST WELLS

INJECTION
OBSERVATION

RECOVERY

MULTI-LEVEL SAMPLING
WELL

POTENTIOMETRIC SURFACE
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MONITORING PROGRAM
Hydraulic Control Monitoring Wells

* In addition, the Permittee shall
monitor bulk electrical conductivity in
the observation wells to verify that
hydraulic control is maintained and to
detect any excursion

* Bulk conductivity readings in the
observation wells shall not
significantly exceed baseline
conductivity to confirm hydraulic
control.
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o Ew— _ WIRE LEAD

.~ DETAL 2

TAZIE WALL

]

DRAWING M-8
CONDUCTIVITY SENSOR DEVICE DETAH ¢

HQT TORIRLE

HOTETHE CONDUICTINTY ZENZORCABL E Yol BE
CEMENTED WITHN THE SRMUL UG OF THE BUBERGLE

CASLE NEULATION

FHGLE STRAND 23 RAUGE STAMLERE STEEL WIRE
BOLYURETHANE DIOATED AND CRINPED

- STAMNLESD TTESL BANDED HOGE Liaye

CHRESHEG WALL

DRAWING M-8
CONDUCTIVITY BENSOR DEVICE DETAL 2

HOT TO DCALE

Conductivity sensors will be attached to

facﬂltate electrlcal res1st1v1t'y prof111ng of
the injection zone during injection and
recovery.

During PTF operations, the Permittee
shall measure bulk electrlcal

conductivity in the ob
at the screens on a dai
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DRAWING M-8
ANNULAR CONDUCTIV i?‘f’ DEVICE DETAR Y

RETTO SIRALE

HOTE, THE SHEDLSR CORDCTINTY DEVICE SLL BE
CEMENTED WITHIN THE SRNULUD OF THE BOREHOLE

O
n y three (3)
to electrical

TABLE JEELATIN

MCES "“:JG ST 93;&‘*’

ETEINLERR JTEEL BANDED HODE QLEMP

, Conductivity Monitoring

e « Annular conductivity monitoring at
DRAWING M-7 least once per quarter

AMMNULAR CONDUCTITY DEVICE DETAIL 2

HOT TO ERALE
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MONITORING PROGRAM

Mechanical Integrity
Continuous monitoring or recording
requirements

Schedule for Demonstrations of Mechanical
Integrity

Injection Pressure Limitation

Water Quality Monitoring Wells.

Do you want to collect fluid samples?
Monitoring well locations

List of analytes

Sampling equipment, preservatives
Sample containers — be prepared for split
samples

QAPP — Sampling Plan, SOPs

Chain of Custody form
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ED_005364K_00000031-00039



ED_005364K_00000031-00040



Fal Fiver
Lty

MNebrasks

ED_005364K_00000031-00041



Weston
County

Explanation

Project Boundary

Proposed
Aquifer Exemption
Boundary

O NOENE dNEER

Miotrars
Sty

T41M

Class lll Wellifields
Ore Deposits

o
Fall River Covinty

Burd

TaOH

- Luster County

By

\“\\*\\ Lower Fall River

Uppar Chilson

Middia/Lower

WELRT TR

Monitoring Well Rings

Spper Chillgon

war Fall Hiver

yop b obilson

Wgﬁs ming

N

Class V Deep Wells

I Cheyenn o
@ Deep Injection Well #1
" Deep Injection Well #2
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Legend

: Inyan _ Local
Project Boundary Kara _confining
== == Proposed Aquifer Exemption Boundary Group - ; units

Ore Deposits

S R
#% Lower Fall River

. Upper Chilson
¢ Muddie/Lower Chilson

Perimeter Monitoring Well Ring Locations

%, Lower Fall River

Lipper Chilzon

y Middie/Lower Chilson
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&} C

&

pose: to @K@Wﬁm‘i the migration of fluids into or between
d sources of drinking water.

Desig life @:ﬁmmmmmmy of the well

g permit requirements, the following

&

r factors shall be

considered:

()D

(2) Injection pressure, external pressure, internal pressure,
axial Madm

epth to the injection zone;

[ole @ﬁm;

(3) H

© SALT LAYER

(1) Type and grade of cement
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Florence Copper

CONDUCTIVITY SENSOR LEADS )
(RECOVERY WELLE) ‘N_

o
R e

OFEET

IR

O FEET (MIN}

BN A0 FRET
BELOW TOF OF
BERROCK CRDE LNT

20 FEET ABOVE
BEDROCHK —
EXCHISION ZOME

i e

| ... FIBERGLASS REINFORCED TO PVG PIPE

TRANSDUCER CABLE (UPPER)
(RECOVERY WELLS ONLY)

BTEEL BURFACE CADING, CEMENTED
18- NCH BN, BOREHOUE

L CASIBG DIAMETER WILL BE BEG T
PRODE & MBI 292 N0 SIS

CASIMNG CENTRALIZERES EVERY 40 FEET

LOW-CARRBON STEEL GASING. CEMENTEL

TYPE V PORTLAND CEMENT NEAT MG |

LOWLCARBION BTEEL TO CDATED STEEL
WELDED JOINT

T UONCCARBON ETEEL CAEING, POLVVER
COATED

| FIRERGLASE REINFORCED CASING

TE-TE-INOH M. BOREHOLE

o ate o s,

e STAMLESE BTEEL GABING

YO BOREEN QR OTHER APPROVED
ALAD HESIETANT MATERIAL

PV BLANK DASING DR OTHER APFRIVED
AR RESISTANT MATERIAL

BILICA SEND FILTER PACK

CENTRALIZERS EVERY 40 FEET

Dewey-Burdock ISR

- SEALED SURFACE COMPLETION

- CENTRALIZER

! w— CENTRALIZER

t— {INOER-REAMED HOLE

o HOLE

CEMENT
B-144" 10 -7 DRILL HOLE

4-1

o to & cAsING (PVC)

T COLLAR

KPACKERS

wELL screen | Alternative:
open hole

GRAVEL PACK Completion

SAND TRAP
CHECK VALVES
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ith plastic (P

v 21 ® compatible WZ“&E’&. such casing material; and
) C@ @m the amﬂmm space above the injection internal from the mm n of the
blank casing to the surface.
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Example Class III Uranium ISR Wellfield

e e e Production Zone
T Monitering Wells

/— See Enlargement “u

/  Below for Example |
*’fffgx o / Non-Production Zone mﬂ;ﬁmit@r
Ty |/ Wells {Overlying/Underlying}

i
/e = 400" (Typ.) =

400" (Typ.) | /

@ € 4 L : ; £ ]

Production Wells P
are Located at / ® @ @  __ |niection Wells are
Center of Each grid -/ & ® Located at Grid Intersects

# Production Well % MNon-Production Zone Monitor Well
# Injection Well # Production Zone Monitor Well

TYPICAL FIVE SPOT GRID PATTERN
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/ Upper Chilson groundwater level

Improperly plugged

abandoned driiihole

|

Upper Fall River groundwater level

Lower Fall River groundwater level

Crucial Question for Pump Test:
Can the uranium-bearing fluids
be contained within the injection

mterval?
Pumping Monitoring
well well
Pumpmg Wellfield injection interval
interval
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Fall River County
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Volume of injected fluids is less
than the volume of produced fluids

Injection zone
~ groundwater

level
Cone of Depression

Monitoring
Well

Injection
Well

Production
Well

Injection interval
groundwater flow
toward wellfield

Wellfield injection interval
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(2) Monitoring of lmmmm pressure and  either flow rate or volume semi-monthly, or
d d g of EW@M@& and produced fl _

(3) Demonstration of mechanical i
years during the life of the well.

(4) Monitoring of the fluid level in the injection zone sen
and monitoring of the
wells req mm@% E:W @M&@ 32(@}

(8) O

€@> V&H Ciﬁﬁﬁ Il wells mmy be m mmmﬁ;y@ . mm & .
individual well basis by manifold monitoring
cases M fmﬁm% @mmmtm

pursuant to §

mwmm/ mp@mmﬁ
well monitoring.
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Excursion indicator parameters are more
mobile constituents of the lixiviant that |
move faster through the injection interval
aquifer than the other constituents. The
proposed excursion indicators are

alkalinity, conductivity and chloride.

% Perimeter raonitoring wedl ring wells

Lo Aguifer Besmption Boundary

Exomple of o
horizontal excursion
within the injection
intervol ooguifer

When the excursion indicators move out
of the wellfield injection interval area
and are detected at a perimeter

s G g e R W A S

monitoring well, the event is called an %

“excursion.” Y

If an excursion is detected at a perimeter .

monitoring well, the monitoring T
frequency of the impacted well is e =T
increased to every week until the

excursion plume is removed.
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Well construction
diagram

Improperly plugged
historic exploration

Improperly plugged '

abandoned drillhole - drillhole

Lower Fall River|
groundwater |
level

Examples of vertical
excursion across a
confining zone into
a non-injection
interval aquifer

Injection interval
groundwater flow
toward wellfield

Injection interval
groundwater flow

toward wellfield cement

well casing
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Safe Wellfield Operation.

A

Verify that injection pressures are being maintained below casing and
formation rupture pressures.

Verify that the licensee is appropriately evaluating well field injection and
production rates and that the appropriate levels of bleed are being
maintained in the wellfields to prevent excursions.

Verify that the correct monitor wells are being appropriately monitored for
upper control limit values and that excursions are being reported to the
Department as required in the license.

Verify that any ongoing excursions are being cleaned up, that the
Department is being appropriately informed, that the excursions are being
monitored, and that the licensee is following its excursion cleanup plan.

Verify that license conditions regarding integrity test schedules for injection
and production wells are being met ( e.g. one MIT per well per 5 years).

Observe well abandonment operations to ensure proper plugging and
abandonment of wells.
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Water Disposal
« There are Class | disposal wells onsite to inspect.

« Verify that the deep-well disposal operations conform to applicable
permit conditions.

Ground Water Restoration.
A. Verify the status of wellfields (i.e., mining, inactive or restoration).

B. Verify that groundwater restoration activities conform to the
groundwater restoration plan.

C. Verify that inward hydraulic gradient is being maintained inactive
wellfields.

D. Verify that that excursion monitoring is active.

E. Verify that the groundwater data are being appropriately collected to
determine if the groundwater is being restored.

F. Verify that groundwater samples are being appropriately collected
during the restoration and post-restoration phases, to determine
restoration success and post-restoration ground-water stability.
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i Bloarbonate
ailization Plant
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281 minkng zone
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Compass
“Minerals
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Compass

Salt solution mining — injecting unsaturated brine or fresh water
through a well into a salt deposit resulting in saturated brine stream

Gallery system — series of two of more salt mining wells that are
artificially connected within the salt deposit layer

Horizontal or directional well — directional borehole at the bottom of
the salt layer used to connect the vertical wells

Vertical well — drilled well used either for injection into or withdrawal
from a salt deposit

Cavern — void or space within salt deposit where salt has been mined by
injection of water or unsaturated brine

Minerals
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Typical Class lll Horizontal Well Gallery
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*Minerals
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“Minerals

Goal is to develop communication between caverns via horizontal well
to recover as much salt as possible

Inject a continuously recycled unsaturated brine stream from the
evaporation process to produce saturated brine

- Vary injection and withdrawal rates and locations, and tubing depth
settings to develop cavern

Sonar and gamma technologies used to monitor cavern roof thickness
and dimensions
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sz ass
?%»ff‘ nerals

Top Down or Bird's Eye and Cross Sectional Views
Class lll Horizontal Gallery

=

Polyhalite Lavar
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Compass
“Minerals

Cross Sectional View

Class Il Well Development

JPolyhalite Layer
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Louisiana Department of
Natural Resources

Office of Conservation
Injection and Mining Division

Class Il wells inject fluids
for extraction of minerals
or energy. Currently, all
permitted Class Il wells in
Louisiana are salt solution

minin g we | I S. _d,w'f'F w < T of Cawrry 4 AT
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&

o - TILAEHE

ED_005364K_00000031-00070



ED_005364K_00000031-00071



Search. ..

i i i RN R B 3 R RS e SRR R e R s R S s

Home v Barvices « LiHes» Watsy Resouross » Brine Well

hat is a brine well?
With a salt-solution mining well, the City
of Hudson will be able to produce its own
salt brine for use in the drinking water
plant’s water softening system. This will
reduce operating costs for the City and
trucking of road salt to the water
treatment plant. Additionally, the City will
be able use the brine to supplement their
salt needs for snow and ice control.

Brine Well

Brine Well P
Brine, g water/sall min, s used a8 & waler softener i treatl
drinking water in the Hudson Water Traaimend Plait and is usad
o eat roadd surfaces in oy weather In February 2018, Gily
Councll authorized the construction of & brine well o reduce the
monay spent each vear on salt to regenarate the vater softenors
e waler eatment plant

What iz a brine well?

Wit o anitand dion mininey well the Oty of Marann will be ahde
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Search. ..

Vill the well contaminate the
 groundwater?
| The well will be properly constructed
Wﬁth multiple layers of steel pipe that
| are cemented to the surface to protect
| groundwater from the salt brine in the
| well. Additional protection will be
 provided by using freshwater drilling
 fluid, steel tanks, and secondary
| containment to ensure no
| contamination occurs

g
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How does a brine well work?

A sall solution (brine) is produced by injecting trealed reshwater through a pipsline down & well, approximately 2,500 fesl below the
surface, 1o dissolve the sall beds and creale a cavern of saturated brine. The salurated brine is then pumped 0 the surface and
transported through a return pipeline 10 a storage tank for use. A schematic of the wall and piging is shown below.
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The Permian Basin located southeast New

Mexico and parts of Texas is known for its
reserves of crude oil and natural gas. Overlying
those the oil and gas reserves are significant
layers of salt left behind millions of years ago as
an ancient ocean receded.

- Ewistig production
ave Sevee Doess

| Frontiesr geeas:

- Fropdier nreas:

Frontier sreas:

When industry drills through the salt layers to |

extract the underlying oil and gas, their drilling  S— . L e 5 ¥
fluids need to be pre-saturated with salt to 0
ensure the integrity of the boring is not
compromised by salt dissolution. A source of

brine (salt-laden water) is required. Brine is also
used during subsequent workover operations to o
mitigate existing downhole pressures due to its -
higher densit
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The Carlsbad,
The Carlsbad Brine Well is located within the
Carlsbad city limits, south of the intersection
of U.S. Highway 285 (South Canal Street)
and 180/62 (National Parks Highway). The
Carlsbad Brine Well operated from 1978 to
2008 as a source of brine (salt-laden water)
for use in oil well drilling. Fresh water was
pumped into the subsurface to dissolve
subsurface salt layers, creating a brine that

was pumped out and trucked to the oil fields
for use in drilling and completions. Removal
of the salt created an underground cavity and
a risk of collapse of the overlying ground.

The New Mexico Oil Conservation Division (OCD) recognized
the hazard in Carlsbad after a brine well southwest of Artesia,
NM collapsed in July 2008. A second brine well north of Loco
Hills, NM collapsed in November of the same year. It has been
estimated that a similar collapse at the Carlsbad Brine Well
could cause in excess of $1 billion in damages, affected a main
irrigation canal, a major highway intersection, a rail line, and
multiple businesses and residences.
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from Land, L, 2013, Evaporite Karst in the Permian Basin Region of West Texas and Southeastern New Mexico:
The Human Impact, 13th Sinkhole Conference, National Cave and Karst Research Institute. Symposium 2
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